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The influence of aneurysm size on anatomic
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Adam Keefer, MD, Sean Hislop, MD, Michael J. Singh, MD, David Gillespie, MD, and
Karl A. Illig, MD, Rochester, NY
Objectives: It has been proposed that the threshold for repair of abdominal aortic aneurysms (AAAs) suitable for
endovascular repair (EVAR) be lowered. A critical step in this pathway is determining whether smaller AAAs are
more likely to be anatomically suitable for EVAR; that is, whether suitability is lost as the AAA grows.
Methods: Patients who underwent ultrasound (US) imaging for asymptomatic AAAs at the University of Rochester
Medical Center between January 1, 2003, and January 31, 2007, were identified. All those who had an abdominal/
pelvic computed tomography (CT) scan <3 months of the US imaging were identified. CT scans were reviewed using
predefined criteria to assess anatomic suitability for conventional EVAR (ie, without consideration of debranching).
Results:Of 3005 aortic US studies performed during this period, 221 had CT scans showing infrarenal aneurysms. Of these,
168 patients (76%) were candidates for EVAR and 52 (24%) were not, most commonly due to a short neck (40; 77% of
excluded). SizemeasuredbyCT scanning (mean, 5311mm) averaged4mm larger thanbyUS imaging (mean, 4910mm;
r2  0.66; P < .0001). Aneurysm size measured by CT scanning (P < .0001) or US imaging (P < .0001) correlated with
anatomic suitability for EVAR.Mean sizes for those suitable were 52 9mmbyCT and 48 7mmbyUS imaging, whereas
mean sizes for those not suitable were 58 10 mm by CT and 53 8 mm by US imaging. Receiver operating characteristic
curve analysis demonstrated that an US cutoff of 4.87 mm best predicted anatomic suitability (86.2% if smaller, 64.8% if
larger), whereas a CT cutoff of 57.0 mm best predicted suitability (84.7% if smaller, 63.2% if larger).
Conclusions: Aneurysm size measured by CT averaged 4 mm larger than by US imaging. Larger aneurysms are less likely
to be anatomically suitable for EVAR, but the rate of suitability does not appreciably decrease until the aneurysm
measures 49mmbyUS imaging or 57mmbyCT scanning. This implies that waiting until the aneurysm reaches currently
accepted size criteria for repair does not result in “missing the window” for EVAR; in other words, just as many patients
are anatomically suitable for EVAR at currently accepted size cutoffs than if earlier intervention had been done. (J Vasc
Surg 2010;52:873-7.)Endovascular aneurysm repair (EVAR) has become the
preferredmethod of abdominal aortic aneurysm (AAA) repair
in patients with favorable anatomy. The number of patients
with AAAs eligible for EVAR varies significantly among sev-
eral studies, from 27% to 82%.1,2 Current estimates are that
about three-fourths of all patients with AAAs are amenable to
EVAR using commercially available devices.
The control arms of two recent studies demonstrated that
66% to 75% of patients with aneurysms of 4.0 to 5.5 cm will
reach criteria for repair 5 years.3,4 Morbidity and mortality
rates are lower after EVAR in patients with smaller aneu-
rysms,5 and procedural mortality after EVAR for smaller an-
eurysms (4.9 cm) may be lower than the overall rupture
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patientswith suitable anatomy should undergo early EVAR.A
critical step in the chain of logic leading to this hypothesis,
however, is the proposition that anatomy is more likely to be
suitable for EVAR if the aneurysm is smaller—in other words,
if we intervene earlier, we may be able to offer a higher
proportion of patients EVAR than if we wait. This study was
designed to address this question by correlating aneurysm size
to suitability for EVAR, excluding debranching, based on
commonly accepted criteria.
METHODS
This study was approved by the University of Rochester
Institutional Review Board. Patient identification was re-
moved after initial data recording.
We identified all patients who underwent ultrasound
(US) imaging for an AAA in the outpatient noninvasive
laboratory of the Division of Vascular Surgery at the Uni-
versity of Rochester Medical Center between January 2003
and January 2007. The hospital Picture Archiving and
Communications System (PACS) was queried to determine
whether the patient had undergone abdominal computed
tomography (CT) scanning 3 months of the US study,
and such CT scans were reviewed. Patients were excluded if
their aorta was 3.5 cm, if they had a thoracoabdominal
aneurysm, had undergone a previous EVAR or open repair,
or had an aortic dissection. In patients with multiple stud-
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prior pair by 3 months.
Patients without an exclusion criterion who had a US
and CT scan 3 months of each other underwent review.
US scans had been read by the vascular faculty at the time of
the study. Axial CT scans were freshly reviewed by a faculty
member or fellow without knowledge of US results. The
major diameter was used if the aneurysm was perpendicular
to the plane of imaging and minor if there was any question
of angulation. EVAR was felt to be suitable if the following
criteria were met:
● Proximal neck 10 mm and proximal neck diameter
30 mm
● Substantially conical neck (considered a short proximal
neck)
● Common iliac artery7mm; no heavy circumferential
calcium or occluded vessel
X Iliac conduits acceptable
X Neck angulation60°; little or no mural thrombus
X One hypogastric artery must remain patent after
repair
The size of the aneurysm by CT and US imaging were
recorded, and medical records were reviewed for basic
demographic data.
Continuous values are reported as means  standard
deviation (SD). Data were analyzed using SAS/STAT sta-
tistical analysis software (SAS Institute, Inc, Cary, NC). US
and CT sizes vs anatomic suitability for EVAR was com-
pared by t-test, and receiver operating characteristic (ROC)
curve analysis was used to determine the best cutoff size
suitable for EVAR for each radiographic modality.
RESULTS
Between January 2003 and January 2007, our labora-
tory performed 3005US studies of the aorta. Of these, 255
patients had a corresponding CT scan 3 months of the
US study. Thoracoabdominal aneurysms resulted in 27
pairs being excluded, yielding 228 US-CT pairs for com-
parison. Size as measured byUS imaging andCT correlated
well (r2  0.66; P  .0001); however, size as measured by
CT scan (mean, 53  11 mm) averaged 4 mm larger than
the size measured by US imaging (49  10 mm; P 
.0001).
By our criteria, 176 CT scans (77%) demonstrated
anatomy suitable for EVAR, but 52 (23%) did not. The
most common reason for nonsuitability was a short proxi-
mal neck in 40 (76% of those not suitable), followed by
severe iliac calcification (8%), severe proximal angulation
(6%), and distal angulation or hypogastric issues, or both, in
the remaining 10%.
We then compared measurements in those suitable vs
those not suitable for EVAR. By US imaging, mean sizes in
those suitable were 48 7 mm vs 53 8 mm in those not
suitable (P  .0001; Fig 1). By CT scanning, mean sizes
were 52 9 mm in those suitable vs 58  10 mm in those
not suitable (P  .0001; Fig 2).Finally, ROC curve analysis was performed to deter-
mine the cutoff sizemost predictive of suitability for EVAR.
By US imaging, a size of 49 mm (86.2% if smaller; 64.8% if
larger) was most highly predictive of EVAR suitability (Fig
3), whereas by CT scanning (Fig 4), a size of 57 mm best
predicted suitability (84.7% if smaller, 63.2% if larger).
DISCUSSION
The most widely accepted absolute size at which point
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Fig 1. Rate of suitability for endovascular aneurysm repair
(EVAR) based on ultrasound (US) testing. The x axis shows
groups divided at 5-mm intervals, and the y axis shows the rate (%)
of such patients who are eligible for EVAR based on our criteria.
The rate is quite high to approximately 5.0 cm, after which it
begins to drop off. Receiver operating characteristic curve analysis
shows a diameter of 4.9 cm is most predictive of suitability. The
numbers in each bar are the numbers of aneurysms in each group.
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Fig 2. Rate of suitability for endovascular aneurysm repair
(EVAR) based on computed tomography (CT) scanning. The x
axis shows groups divided at 5-mm intervals, and the y axis the rate
(%) of such patients who are eligible for EVAR based on our
criteria. The rate is relatively high to approximately 6.0 cm, after
which it begins to drop-off, but this drop-off is less pronounced
that when measured and categorized by ultrasound. By receiver
operating characteristic curve analysis, a diameter of 5.7 cm is most
predictive of suitability. The numbers in each bar are the numbers
of aneurysms in each group.AAA repair is indicated remains 5.0 to 5.5 cm.7 Although
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not most) clinicians, at least in the United States, typically
intervene at 5.0 cm in good-risk patients. Two recent
studies compared observation vs open repair in patients
with AAAs smaller than this traditional cutoff, and both
found that early repair conferred no benefit.3,4
The Dutch Randomised Endovascular Aneurysm
Management (DREAM) trial recently confirmed that
EVAR has significantly lower procedural morbidity and
mortality than open repair.8 Although questions remain
about the long-term survival advantage of EVAR, the
short-term benefits of a less invasive procedure are clear.
In recent years, the question of whether EVAR, at least
in patients with good anatomy, should be offered sooner
(ie, at smaller aneurysm sizes) has been increasingly of
interest. Many related arguments seem to support this
hypothesis (Fig 5):
First, the 5.0- to 5.5-cm size cutoff was arrived at in the
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Fig 3. Receiver operating characteristic curve analysis of the ef-
fect of altering criteria for endovascular suitability based on ultra-
sound measurements. The area under the curve is 0.67698.
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Fig 4. Receiver operating characteristic curve analysis of the ef-
fect of altering criteria for endovascular suitability based on com-
puted tomography measurements. The area under the curve is
0.67082.era of open repair. Because EVAR is associated with lessrisk,8 perhaps the threshold at which we should be inter-
vening should be lower.
Second, most patients with an AAA 4.0 cm will
eventually meet criteria for elective repair,3,4 and the health
of most individuals declines with time. If it is inevitable that
criteria for repair will eventually be met and the patient is as
healthy as he or she will ever be, perhaps we should be
treating these small aneurysms when they reach 4.0 cm.
Third, EVAR is safer when performed to repair smaller
aneurysms,5 and EVAR in small aneurysms may be safer
than observation.6
In addition, EVAR, at least with some devices, may halt
the progressive neck dilation that was once feared inevita-
ble.9 Although confirmatory data are lacking, the huge
numbers of implanted devices coupled with the scarcity of
true neck dilation makes this argument reasonable.
Finally, it has been hypothesized that EVAR is more
likely to be possible the smaller the aneurysm—in other
words, the sooner we decide to intervene, the more likely it
is that we can offer the safer alternative to the patient. Or,
the converse—if we wait until the aneurysm is 5.0 to 5.5
cm, some patients who might have been EVAR candidates
have now lost the “window of suitability” for EVAR and are
“condemned” to undergo open repair (or, at best, de-
branching where none was required before).
The current study was designed to address this last
question, and we entered into this investigation with the
bias that it was true. In fact, we show the opposite—that
although AAA size correlates with suitability for EVAR, the
size at which EVAR tends to be less likely is actually close to
currently accepted criteria for repair—5 cm by US imaging
and 5.7 cm by CT scanning.
An unexpected finding was the consistent size
discrepancy—4 mm—between US imaging and CT in the
same patients. Most of our patients underwent the US study
before theCT scan, but becausewe used a cutoff of 3months,
we do not believe that this accounts for much of the differ-
ence. Although data are sparse, this discrepancy has been
reported previously,10 and we suggest that this finding be
considered during decision making.
It should be pointed out that we used an amalgam of
several different criteria for EVAR suitability that do not
strictly conform to any single graft indications for use and
intentionally did not include debranching. In fact, essen-
tially all of our criteria changed by 2010 because of the
availability of 36-mm grafts, hydrophilic sheaths, better
techniques for iliac preservation, and so on; thus, we use
grafts with suprarenal fixation almost exclusively now.
This was also a selected group. Most of the patients
who underwent CT scanning had been selected based on
the possibility of undergoing AAA repair, with nonsuitable
patients excluded. Using these criteria in an objective fash-
ion, however, we did observe a clear cutoff, and it was not
in the “small” range of AAA size. Finally, however, almost
all of the patients that we found were not anatomically
suitable had necks of 10 mm, and this is a criterion that
has not changed.
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presented here are derived from a one-time “snapshot” of
aneurysms at a single point in time, and although average
aneurysm growth is assumed to be the same for all AAAs,
this conclusion cannot be strictly proven unless specific
aneurysms are observed longitudinally over time. Because
this would require observing many aneurysms that meet
accepted criteria for repair, it is unclear if this study can ever
be performed.
CONCLUSIONS
The size at which an aneurysm tends to lose suitability
for conventional endovascular repair is approximately 5 cm
if US imaging is used as the measurement tool and 5.7 cm
if CT is used. Although this finding does not mean that size
criteria for repair developed in the era of open surgery are
equally as valid today, it does suggest that the argument
that intervention at a smaller size will allowmore patients to
undergo EVAR is not valid. Put another way, by waiting to
intervene until the aneurysm reaches 5.0 to 5.5 cm, just as
many patients remain anatomically suitable for EVAR than
if intervention had occurred earlier.
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